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� � 1 |Γ12|
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� � . . �� . ��/ ��( � . - � � 1 . �* . ��/ . � � ��	 - �* M − iΓ/2 4E; . � � � . ) � 	 . - - ∆m 4 ∆Γ 4 � � 1 q/p �*� � . 	 " -
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q
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∣

∣

∣

eiφs , M12 = |M12|eiφM
s . G �'&?><( H

��� �������9����� �A��%�"
|Γ12| ≤ Γs

��)��I� 8 ��4�H ��.���B����
Γ12

������!� ��� ��� ����K= � .-� 8 � 	#�+����%����) �9��"�� ��.-���@�@���@ �
H ����

B
0
s

����=
B̄

0
s

E*�����N�
	 6%����	#�@�-�+ ��) 	#� ����� �!�" 	?�,� �����
Γs � ∆ms

��)#)?���A�K�!�@� = �-)?D2	#��= ��6%����= ���, ��6�6����+��.��
��@	#�@6�)?8

∆ms ≈ 2|M12|
����=

|∆Γs| ≤ 2|Γ12|
4����N ���"��� E 1 � E���� 3I����)�=��-E



����� �
B0

s


����5����� ��&

+ � . � � � - . φs �*� � � & G �'&?><( H �*- ������- � � ��(9� � 1 � ����/ . ��� �*���'$ ��� 1�. � . � 1�. ��� � � � 1 �> φs = 0 4 �98
/
�*� (?� � ����� ��� " � ) ���� / � ����-�� . - & + � . � � 	 �*" . � . 	#4

a = Im
Γ12

M12
=

∣

∣

∣

∣
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∣

∣
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∣
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∣

∣

2
, Γ(B̄0
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∣
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Γ(B0
s(t) → f) = Nf |Af |2

1 + |λf |2
2

e−Γst

×
[

cosh
∆Γst

2
+ Adir

CP cos(∆mst) + A∆Γ sinh
∆Γst

2
+ Amix

CP sin(∆mst)

]

,

Γ(B̄0
s(t) → f) = Nf |Af |2

1 + |λf |2
2
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×
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∆Γst

2
−Adir

CP cos(∆mst) + A∆Γ sinh
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2
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CP sin(∆mst)

]
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2
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+ ����-�-����<; -�� � � ��� � . 1�. � � � �* �� � . ����� � � . 1 - �*" � (�. �*��� � - � " . 6 � ��( - � � � . f �*- �� / . 	 � . 1
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� 	 . �98 . �� . ��-0� � � . - ��� �
������ ��	 . � ��-��*��� �*� � � . � J 4 � � & G ��& �*( H$��	�� / . - ��- .  � (  ��	$��� .�1�. - � 	 �*� ���*��� �D 1 . � � �
- �*��� � �98
. �� . � - � � � . - &
#)�<; 4  	 � " � � & G �'& ��% HI4 ; . � � � 	 . (?� � . � � . � / . 	 ��(*( ����	 " ��( ��� � � ����� � � ��� . ��	 � � � ������ 	 � � �*�

 ��	 ��� . 1�. � � � 	

B(Bun
s → f) =

1

2

∫ ∞

0

dtΓ[f, t]

=
Nf

2
|Af |2(1 + |λf |2)

1

Γs

[

1 +
∆Γs

2Γs
A∆Γ + O

(

(

∆Γs

2Γs

)2
)] G �'& ��& H

������- �*-0� . ��� ; ����� � � & G �'& �*( H ; . � � / . ����	 " � ( ��� . 1 ��� .�. / . ��� � ��� �����*�� ��� NB + NB̄ = 2NB 4
-�� � � � � B(B0

s → all) = 1
& � � � � � � - & G �'& ( H � � 1 G ��& �*� H ; . � � � � � ( � � (1� � . 〈f |BL,H〉 4 � � 1 � � . �

; . 	 . ; 	�� � . � � & G �'& �*( H � -

Γ[f, t] = Nf
|Af |2

2

(

1 + |λf |2
) [

(1 −A∆Γ) e−ΓLt + (1 + A∆Γ) e−ΓH t
]

. G �'& ��% H

� � & G ��&)��% H ��-$��� 	 "@� - � . 	 . � � � ���*���  ��	���� . ��� " . . /�� ( � ���*��� �* � � . 1�. � � � �* � � ����� � � .21 B0
s

- �D" � (�. & � � � 	��*� � �*� (*. 4
�> Γs = 1/τ̄s �*- B � � ; � 4E; . � � � " .#� -�� 	 . ∆Γs

� � 1 A∆Γ ��� �
. 	  ��	 " �*��

� ��;�� $ � � 	 �*" . � . 	 6 � �* � � . 1�. � � � 1 ��- ��	��*� � � ����� �* � ��� 1�. � � � ; ����� A∆Γ 6= 1 � � � � & G �'&)��% H &
� � � 	 � � � � � . 4"���<; . / . 	#4 " ��- � 1F� � � � � " .  	 � " -�� ��	 � � � " . - ; � � � ∆Γst � 1 4 � � 1 ��� . ��-
��� ( � - . ��- ������/ . ��� � � . ��	�� 1 � � � ∆ΓsA∆Γ

& � � & G ��&)��% H � � � � . 	 . $ . ) � 	 . - - .21 �*� � . 	 " -$�* Γs =

(ΓL + ΓH)/2
� � 1 ∆Γs = ΓL − ΓH 4 � � 1 � � . � ��-����� � � & G �'& � & H ; . 6 � 1

Γ[f, t] = 2B(Bun
s → f)Γse

−Γst

[

1 +
∆Γs

2
A∆Γ

(

t− 1

Γ

)]

+ O
(

(∆Γst)
2
)

. G �'& � > H
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s

+ � . " � - - " � ��	�� ) M12

� � 1 ��� .)1 . � � � "@� � 	 � ) Γ12 �D � � . � � ��	�� 1 �*�� . 	 . � � � ���*��� G �'& R H ��	�� /
� 1 .
� � 	 . . ��� � - . ����/ � 	�� � ��� � � � ������� � . - 	 |M12| 4 |Γ12|

� � 1 � � . 	 .2(1� ����/ . � � � - . φs
& � � � � & G �'&?> R H�; .

� � / . 	 .2(1� � . 1 � � . ��;�� ����- . 	 / � � (�. - ms

� � 1 ∆Γs � � |M12| 4 |Γ12|
� � 1 φs

& � � � � 	 ��� � � (1� 	54 � (?� 	� .
; � 1 � � 1 �>= . 	 . � � . ; ��� (�1 � � / . � " � ��	 � � ��� � " � ( � � � ���*��� -� ��	 - . / . 	 ��( � 	 .�� - �* ��� . � J & � � ��� . B0

s

- �
-0� .#" 4 ∆Γs �*-
1 � " ��� � � .21 ��� Γ12 � 	����

. 	 . 1 ��� b→ cc̄s � � � 	 B � 	 � ��-�� � ����� 1�. � � �
- & 0 � (�( �<; �*� 
� � . - � � � 1F� 	 1 � ����/ . ��� �����  ��	 ��� . �98 ��	 � � -  ��	 " � ���*��� 4 CP|B0

s〉 = −|B̄0
s 〉 4�; . 6 � 1 � � . �98

. �� . � - � � � . -

|Beven
s 〉 =

1√
2

(

|B0
s〉 − |B̄0

s〉
)

, |Bodd
s 〉 =

1√
2

(

|B0
s〉 + |B̄0

s〉
)

. G �'& ��� H

� . 1 .56 � .
∆ΓCP

s = 2
∑

f∈Xcc̄

[

Γ(B0
s → fCP+) − Γ(B0

s → fCP−)
]

. G �'& � � H
� . 	 . Xcc̄ 	

. ��	 . - . ����- ��� . 6 � ��( -0� � � . - � ����� � �*� �*�� � cc̄ � � ��	#4 ; � � � � � ����- ����� ��� . ��� . 1 � " �*� � ���
� ������	������ � ������- � � ∆ΓCP

s - � .#"2" ����  	 � " ��� . 1�. � � � b→ cc̄s
& + � .  � � ����	 � � � � � � ������� -9 ��	���� .

� � � 	  . � ���! �  � � . 1�. � � �
- �* � � . - �
- � .#" & � . 1�. � � " � ��- .@� ��� 6 � ��( - � � � . �*����� � � - �98:$ . / . �
� � 1 �98:$ � 1�1 � � " � ��� . ����-#4 |f〉 = |fCP+〉 + |fCP−〉 4 ; � � � .�� � � 1�. � � ��	 � � .

Γ(B0
s → fCP±) = Nf

∣

∣〈fCP±|B0
s〉
∣

∣

2
=

∣

∣〈fCP±|B0
s〉
∣

∣

2

|〈f |B0
s〉|2

Γ(B0
s → f). G ��&)� � H

� ��� . 	 . -0� �*�  ( �*4 ��� �*- � ��-�- �*� (�. � � 6 � 1A� � ����	 1 ����- . 	 / � � (*. ; ��� � � 1�. � . 	 " ��� . - |Γ12|
� � 1 ������-

. � � � 1�. - ��1�1 � � ����� ��( �*�E ��	 "@� � ����� & 0 ��	 � ����-#4 ; . -0� � 	0� ; ��� � ��� . 1�.56 � ��� ����� �* Γ12 4

Γ12 =
∑

f

Nf〈B0
s |f〉〈f |B̄0

s〉 =
1

2

∑

f

Nf

[

〈B0
s |f〉〈f |B̄0

s〉 + 〈B0
s |f̄〉〈f̄ |B̄0

s〉
]
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〈fCP±|B̄0
s〉 = ∓〈fCP±|B0

s〉 G �'& � � H

� � 1 ����	 ��� � - . � ����/ . �����*��� ; � � � arg(VcbV
∗
cs) = 0 ; ��� � � �*- � � . � � � - . �* b → cc̄s

1 . � � �
�*" � ( � � � 1 . 4 � � & G ��&)� � H � . � � " . -

−Γ12 =
∑

f∈Xcc̄

Nf

[

∣

∣〈fCP+|B0
s〉
∣

∣

2 −
∣

∣〈fCP−|B0
s〉
∣

∣

2
]

=
∑

f∈Xcc̄

[

Γ(B0
s → fCP+) − Γ(B0

s → fCP−)
]

.

G �'& � R H

' � .*) � ( � � � � � ��( � � (?� � �������* Γ12 	
. / .#��( -�� � � ��� � . � / . 	 ��(�( - �*�� �* ��� . (�.  ��� � � 1 -�� 1�. G " � � H �* 

� � & G �'& � R H���- � ��- ������/ . & + � . � ; . � � " ����� . ; ����� � � & G �'& � � H ��� 6 � 1

∆ΓCP
s = 2|Γ12| = 2

∑

f∈Xcc̄

[

Γ(B0
s → fCP+) − Γ(B0

s → fCP−)
]

. G �'& � ( H

" ����- . ( � -�� .�� B ���� 4 ∆ΓCP
s �*- " .�� -���	 . 1 ��� � ��� �����*�� � � . �98 $ . / . � � � 1 �98 $ � 1 1 1 ����� (*. � � � 	 "

6 � � ( - � � � . -"�*� B0
s

1 . � � �
- & + � � (*. ��&)� - � "@"@� 	 ��� . -$- � � ���98 -�� . � � 6 � B0
s

1 . � � � " � 1�. - & �"� 	
 ��	 " � (1� . � . � � " .@" ��	 . ��	 � � -�� � 	 . ��� �> ; . ��- . � � . �98 . �* . ��- � � � . - 1�.56 � . 1 ��� � � & G �'&)��� H &
� ����� |B0

s〉 =
(

|Beven
s 〉 + |Bodd

s 〉
)

/
√

2 ; . .#� -�� ( � 6 � 1

∆ΓCP
s = 2|Γ12| = Γ(Beven

s ) − Γ(Bodd
s ), G �'& ��& H

; � . 	 . � � . 	 �*����$� � � 1 -�� 1�. G + � �EH)	 .  . 	�-"��� � � . ����� ��( ; � 1 ����-"�* � � . �98 $ . / . � � � 1 �98:$ � 1�1
. �� . � - � � � . - & + � . � " �*-�- �*��� �* � ����� 	 �*��� ���*��� -2 	 � " � # J $ -�� ����	 . -�- . 1 1�. � � �
- ��	���� . 	 . 1 ���
b → uūs ��� Γ12 �*�

1 � � . - � ��� . ��	 . ��� � ��( ��� � . 	0� � ����� � �* ��	 1�. 	 2|VubVus/VcbVcs| ∼ 3 − 5% ���
� � & G �'& ��& H � > & � &
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b→ cūd D(∗)0KS �→ φKS 4 ρ0KS 4 KK̄ ��	 π+π− �
b → cc̄s ψφ

� ���� (?� 	 � � � ( �
-���- 	 . � � �*	 .21
ψK(∗)K̄(∗)

� ���� (1� 	 � � ��( �
- �*- 	 . � ���*	 . 1
ψφφ
ψη(′)

D
(∗)
s D

(∗)
s D+

s D
−
s �*-��98:$ . / . �

D(∗)+D(∗)− ��	 D(∗)0D̄(∗)0 � ���'$ - � . � � � � ��	 1�. � � �
-
ψf0 �98:$ � 1�1
χc0φ �98:$ � 1�1

b→ cc̄d ψKS

ψKSπ
0

+ � � (*. ��&)� 	 � ��� . 	 . - ���*�� �98 $ -�� . � � 6 � 6 � � ( - � � � . - �* � # J $- � /���	 . 1 B0
s

1�. � � ��- & � . 	 . 4 ψ 	 . ��	 . $
- . ��� - . ����� . 	 J/ψ ��	 ψ(2S)

&

+ � 1F� � Γ12 ��- B � � ; � � � � � . � . ) � $ ���D$ (�.���1 �*��D$ ��	 1 . 	 G # " � H �*� � � � � ΛQCD/mb � ��% � � � 1 � � .
� � . � ��� � ( ���� αs � �B> 4 ��� � & + � . � � . ��	 . � � � ��( � 	 . 1 � � ���*���  ��	 ∆ΓCP

s � � - � . . � � � 1F� � . 1 � �*� �
�*����	�� 1 � � ���� � � . ; ��� . 	 � ����	"� � - �*-543; � � � � 	 . 1 � � . - � � . ��	���� � (*. -�� " . -�� � . - �* � � . 1/mb

� � 1
αs
� ��	 	 . � � ������- � � 1 ��� 	 .�� 1 -

∆ΓCP
s =

(

fBs

240 MeV

)2

[(0.105±0.016)B+(0.024±0.004)B̃′
S−0.027±0.015] ps−1, G �'& � % H

; � . 	 . fBs
�*- ��� . B0

s

1�. � � � � ����- � � ��� � � 1 B � � 1 B̃′
S

� 	 . � �  � � 	 �*" . � . 	 -��*� � � . # . + G � � ��/ .
1 � " . ��-������ ��( 	 . �� (?� 	�� � � ���*���FH - � � .#" . & + � . 1 � " . � -��*��� (*. -�-  	 � � � �*��� ��( ; � 1 ��� 1 �%= . 	 . � � . � � � � .
��� � � �*� . 1 ��� " � ( � �*� ( �
�*�� � � . " .�� � ( �% . ��� " . �* ��� . - �
- � .#" 	

∆ΓCP
s

Γs
= ∆ΓCP

s · τBd
= 0.127 ± 0.024. G �'& � > H
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�*� (?� � ���� � � � - . �* � � . B0
s - �
-0�

.#" G � � & G �'&A>�( H H

φs = φM
s − arg(−Γ12) G �'& � � H

�*- G �D ,��	 1 . 	 > % H ���*��� & � ���*- � . � � � - . ��� . � � � - . arg(VcbV
∗
cs)

2 �D � � .)1�. � � � "@� � 	 � ) . (*.5" . ��� Γ12

1 � " �*� � � .21 ����� � . 1�. � � � b → cc̄s 4 ��- � ( ��- . ��� ��� . " � - - "@� ��	�� ) ��� � - . arg(VtbV
∗
ts)

2 4 � � 1 � � .
- "@��(�( � ��	�	 . � ���*��� ��� arg(−Γ12) �*��/��

( /
�*�� VubV
∗
us �*-  ��	0� � . 	 -���� ��	 . -�- .21 ��� �  � � ����	 �* m2

c/m
2
b

&
���*� � . Γ12 �*-

1 � " �*� � � . 1 ��� � # J $- � /���	 . 1 ��	 .2. $ (�. / . ( 1�. � � �
-54 ������-)��	 � � ��� � ��(*( � �*� - . � -�������/ .
� � � . ; �����
-�� � - & � ������	 ��� � - . � ����/ . ��� ����� arg(−Γ12) = arg(VcbV

∗
cs) = 0 4E; . -�� " � ( � � � / .

φs = φM
s . G �'& � � H

� � ��� . ��� � . 	�� � � 1 4 M12 �*-
� (?" ��- � � � " � (*. � . ( � �*� 1 � � .21 ��� � � . - ����	0� $ 1 �*- � � � � . � ���
- � � - &

� �������*��� � . � J ��� . � ��� � � � 	 B -��*� 0 �� & ��& � �� / . ��� . 1 � " �*� � ��� � ������	��*� � � ����� � � B0
s − B̄0

s" � ) �*�� & + ���*- � ����� 	 �*����� �*��� �*- -������ 	 . - - .21 ���� ��� 	 � �<; . 	 -��* � � . ; .�� B � ��� � ( ���� � ����- � � ���
� � 1 ��;�� � �<; . 	�-)�* |Vts| ' 0.04

& � . � � . � . ; �����
-�� � - � � � .#� -�� ( � � � " � . � . ; � � � ��� . � J � � 1
� ��-�- �*� ( � . / . � 1 � " �*� � � . M12

& �- � � . �����'$ - � � � 1F� 	 1 � ����� 	 �*��� ���*��� -$� � M12

� 	 . ����	 . (1� � . 1 ���
� � . � # J " . � � � ����- " �D $� � . ����	 .2. $  . � . 	 � ���*��� " � 1 . ( 4 ��� . � ; � (*( � = . � � � � .A" � ) �*�  ��� � - .
φM

s
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|BL〉 =
1 + eiφs

2
|Beven

s 〉 − 1 − eiφs

2
|Bodd

s 〉,

|BH〉 = −1 − eiφs

2
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s 〉 +
1 + eiφs

2
|Bodd

s 〉.
G �'& � � H
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s
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Nf
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Nf

2
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B(f) =
Nf

2
|〈f |BH〉|2 +

Nf

2
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+
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+
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1?X8/21=1?X8'%*�/:]3]l4:k¦1?Xn'vd8/:)+13,5<�9P'�,5]=6n'�Z79P,5Z7,PB89PCD]3*�/:9P9 J ,P1l,5]=6�y8*D'�)+,5<�/:959�Cx<>9547]+'�1?4�1?X8'%)3/:d8,5Nn,P1\C J y J
N8'"�(68'�Ni,56o]3dh'�<>,E/:9e)3'�95/21?,�SL,P1\Cx/:]

y =
1

2
ln

(

E + pz

E − pz

)

,

wlX8'>)3'
E
,5]�1?X8'ld(/2)+1?,P<�9P'�'�68'>)3Z:C�/:68N

pz

,P]�1?X8'
z
f¡<�47*Ddh4768'�6j1�4:kh1?X8'ld(/2)+1?,P<�9P'=*�47*D'�6j13y8*i_¦u=X8,P]

<�4L47)+N8,56(/g1?'�,P]�<sX847]+'�6|,56�<�4:9595,PN8'�)�d8XjCL]3,5<>]%B.'><M/:y8]+' J 954L47]+'�9PC�]+d.'�/ B ,568Z J d8/:)+13,5<�9P'�d8)+4rN8yn<>1?,P476z,P]
<�4:68]+1?/:6j1o/:]R/ kmyn68<>13,5476 42k%)?/:d8,PN8,P1\C G 47)xdn]3'�ynN847)?/2d8,5N8,�1\C H _ � '¤y8]+'z1?X8'¤13'�)+* � km47)+wY/:)+N���134
N8'>]3<�)+,5Bh'q1?X8'%)3'>Z7,54:68]l/21l9E/2)3Z7'

η
_

��������� ���
	�������������������	����! �"#�$�&%

u=X8'l<�'>6j1?)?/2981?)?/2< B ,P68Zq]+CL]p1?'�*¥<>4768]+,5]+13]�4:kc1?X8'=,P6868'�)�]+,59P,5<�4:6�*�,P<�)+47]+13)3,5d`1?)?/2< B '�) G a��iu H /:68N�1?Xn'
<�'>6j1?)?/29A�8B.'>)l13)?/:< B '�) G V�&�u H ]3yn)3)34:y868N8'>N¤BjC�/�]3479P'�6847,PN(/:9t*�/:Z76n'>1M_�; ]3<sXn'�*�/21?,P<%SL,P'>w 42k�1?Xn'
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&�,5Z7yn)3' � _ � !�VY)34:]3]pf¡]3'><>1?,P476(/:9tSL,P'>w 42k�13X8'%<�'�6j13)?/:9t13)?/:< B ,56nZD]pCL]+1?'>* ,56R1?X8'
x− z

d89E/:6n':_
]+CL]p1?'�*¥,P]�]3X84Twl6�,56D&�,5Zn_ � _ � _ � ,�1?X�X8,PZ7X�)3'>]3479Pyn1?,P476�4:k /2B.47yr1 � � µ *	/:9P4768Z�13X8'lB.'�/:*�9P,568' J 1?Xn'
1\w�4%1\CLdh'�]�4:kc13)?/:< B ,56nZq]+CL]+13'�*D]�dn9E/MC�/�'>]3]+'�6j1?,5/:98)34:95'Y,P6�dh'�)+km4:)3*D,568Z�]+'>S:'�)?/298Z74j/:9P] !A*D47*�'>6j1?y8*
*D'M/:]+y8)3'>*�'>6�104:k�<sX(/2)3Z7'>N�d(/:)+13,5<>95'�]lwl,P13Xi13X8' G u ]+4795'>6847,PN(/:9A*x/2Z768'>13,5<q�('>95Nt¢.]3'�<>4768N(/2)+C�S7'�)©f
1?'¨§|)3'><�4768]p1?)+y8<>13,5476|km47)q1?47d J 0�,PZ7Z7] J /268N b f\dnX�CL]+,5<�]>¢�,5*Dd8)34TS:'�*D'�6j1v,56O�+'>1��g*�,P]3]3,P68ZR1?)3/:68]+S:'�)+]3'
'�6n'�)3Z2Cx*D'M/:]+y8)3'>*�'>6j1M¢(/:6nNR'�95'><>13)3476O,PN8'�6j13,P�(<�/21?,P476O/:6nNO'�9P'�<>13)347*�/:Z76n'>1?,P<�<�/:954:)3,5*D'>13'�)�<M/295,5Bn)?/gf
1?,P476t_�u=Xn'>C�/295]34�d8)34TSL,5Nn'U1?)3/:< B ,568ZR,P6nkm47)3*�/213,5476R1?4�1?X8'U13)3,PZ7Z7'�)�]+CL]+13'�*D] G ar'><>13,5476 � _ � _ H H¨J k�/:]p1
N8'"1?'�<"1?47)�)3'�]+d.4:68]3'l<M/2d(/:B89P'Y4:kc47dh'�)3/21?,P68Z0wl,�1?X�/0Bny868<sX�<�)+47]3]+,568Z�13,5*D'�4:k � } H 68] J /:68N�)?/2N8,E/213,5476
X(/:)+N868'>]3]�_
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1.2 m

&�,5Z7y8)+' � _ ��!�[\]347*D'>13)3,P<�Sr,P'>w 4:k�13X8'`a��iuq_
������������� ��	�
�	��������	������������	������ ��� !�"#�

u=X8'�a��iu J 954L<M/213'�N�<�954:]3'�]p10134D13X8'UBh'M/:*dn,5dh' J )3'><�47)+N8]�13X8'v13)?/��+'><>1347)3,P'�]W4:k�<sX(/:)+Z7'�N¤d(/:)+13,5<>95'�]
/:68N¤d8)34TSL,5N8'>]�,56rkm47)3*�/21?,P476R1?4O,PN8'�6j13,Pk C�N8,5]+d89E/2<�'�NiS7'�)p1?,P<�'�]�km)347*

b
fB#�y(/:) B ] G 95, B '%1?X8'U4768'�]0d8)342f

N8y8<>'�N�km)347*�13X8'vN8'�<�/TC�4:k�/�1?47d #�y(/:) B 4:)�/ 0�,PZ7Z7]ld(/:)p1?,P<�95' H _�u=X8'v47)3,PZ7,568/:9 a���u ]+CL]+13'�*wY/:]
<�4:*�d8)+,5]+'�N|4:k�]+,�§|B(/:)+)3'>95]%,56j1?'>)3]+d.'>)3]3'>N�wl,P13X 1\w�'�9�S7'O&Af\N8,P] B ]%,56�1?X8'D<�'>6�13)?/:9�)3'>Z7,54:6�/:6nN|km47yn)
0lf¡N8,5] B ]�'"§L1?'>68N8'>N�4:yn1Y134U1?X8'�km47)+wY/:)3NR)+'�Z7,P4768]Y/:]Y,P6R&�,5Zn_ � _�� _�u=X8,5]�Nn'>1?'><>1347)�N8'>]3,5Z:6Rd8)34TSL,5N8'>N
1?Xn)3'�'UN8,5*D'�68]+,54768/:9 )3'�/:N847yn1�4�S:'�)q/�d8]3'>y8N847)3/:d8,5Nn,P1\C�<�4TS7'>)?/:Z:'�y8dz1?4 |η| = 3

_0[\6 G �7� HnJ /x68'"w
,56n68'�)qB(/2)3)3'>9�9E/MC7'>) G @A/MC7'�)©f©� H wY/:]v,568]p1s/:9P95'�N�,P68]3,PN8'�1?Xn'D'¨§r,5]+13,568Zia���u	]+CL]+13'�* <�9P47]3'>]+1%1?4o1?Xn'
Bh'M/:* d8,Pd.' G rinner = 1.6

<>* H 1?4�'�68X(/268<�'�13X8'`13)?/:< B /:68NzS:'�)+13'"§¤)3'>]3479Pyn1?,P4768]�_�u=X8'U1\w�4R47yn13'�)
0lf¡N8,5] B ]lw�'�)+'`)+'�*D4TS7'�No1?4D/:9P954Tw 1?X8'>,5)=)+'M/:N84:yn1W]+CL]+13'�*�1?4�Bh'%y8]3'>Nikm47)�13X8'v@¦/MC:'�)pf\�DNn'>1?'><>1347)�_

u=X8'o95476nZ7,P13y8N8,568/:9�95'�6nZ:1?X 4:kl13X8'R,56j1?'>)?/:<"1?,P476�)3'>Z7,54:6 G ∼ G �¤<�* H N8'>13'�)+*�,P68'�N 1?Xn'R]3, �>'O4:k
1?Xn'va��iuq_c��/:<sX�B(/:)3)+'�9t,P]q{ G <�*�954768Z�/:68N�<�476j1s/2,568]Ykm4:y8)=]3,P95,5<>476O)+'M/:N84:yn1l9E/MC7'>)3]>_�u=Xn'v]+'�<>4768N
/:68Nzkm4:y8)+13X�9E/MC7'>)3]�y8]+'�N847y8Bn95'"f¡]3,PN8'�Nz]+'�68]+47)3]qwl,�1?X¤13X8'

n
f¡]3,5Nn'U]+13)3,Pd8]q/21 G ◦ ]+1?'>)3'>4o/:68Z79P'`wl,P13X

)3'>]3dh'�<"1�1?4013X8'
p
f¡]3,PN8'�]p1?)+,5d8]>_�&(47)¦13X8'Y�()+]+1�/268NU1?Xn,5)3NU9E/MC7'>)3] J 13X8'Y4:yn1?'>)�B(/:)+)3'�9P]�y8]+'�]3,P68Z79P'"f\]+,5N8'>N

]3'>68]34:)3]qwl,P13X�/g§r,E/:9¦]+13)3,5dn] J wlX8,P95'`13X8'�,56n68'�)0km4:y8)�B(/:)+)3'>95]�y8]+'�N847y8Bn95'"f¡]3,PN8'�N�N84:y8B895'¨f\*D'>1?/:9�}:� ◦
]+13'�)+'�4DN8'>SL,5<>'�]>_

ª0,5] B ]+'�68]+47)3]v/:)+'U1?)3/:d.' ��47,PN8]0wl,�1?X�)3'�/:N847yr1q]+13)3,5dn]q/:)3)3/:68Z7'>N�d(/:)3/:959P'�9 1?4O13X8'�95476nZO'�N8Z:'�4:k
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&�,PZ7y8)3' � _�� !�VY)+47]3]©f\]+'�<>13,54768/:9tSL,5'>w 4:k¦1?X8'v@A/MC7'�)©f©��N8'>13'�<"1?47)>_
1?Xn'�N8'>SL,P<�'�]>_�u=X8,5]=/2)3)?/268Z7'�*D'�6j1=dn)34TSL,5N8'>]=/:6R' = '�<"1?,�S7' � � ◦ ]+1?'>)3'>4�/268Z795'Wkm47)�13X8'q&¦f¡N8,5] B ] J '�/:<sX
X(/MSL,568Zo{ G N84:y8B895'¨f\]+,5N8'>Now�'�NnZ7'�] J /:6nN {�� ◦ km4:) 0lf\Nn,5] B ] J 'M/:<sX�<�476n]3,5]p1?,P68Z�4:k G �Dd8/:,5)+]=4:k�]+,568Z79P'"f
]3,PN8'�N X8/:9PkEfKwY'>N8Z7'�]�*D47y86j13'�N B(/:< B fK1?42f¡B(/:< B _�u=X8'O1\CLd8,P<M/:9�]+13)3,5d dn,P1?<sX 42kW13X8' p f¡]3,PN8' G n f\]+,5N8' H
]3'>68]34:)3]v,5]

50 µ
* G 62.5 µ

* H _Uu=X8'D<�47*UB8,56(/g1?,54:6z4:k�]3*�/:959�/:68N�9E/:)+Z7'�]p1?'�)+'�4i/:68Z79P'�]qd8)+4TSr,PN8'�]
Z74L4rN�d8/21313'�)36|)3'><�47Z:68,P13,5476�/268N|/:959P4�wl]0Z74r4LN�]3'>d(/:)?/g1?,54:6�4:kYdn)3,5*�/:)pCiS:'�)+13,5<>'�]%,56�*�y89�1?,Pd895'v,56rf
1?'>)?/:<"1?,P476�'>S7'>6j1?]�_�u=X8'oB(/:)+)3'>95]�d8)+,5*�/:)3,P9PC�*D'M/:]+y8)3'R1?Xn'

r − φ
<>4r4:)3N8,P6(/21?' J wlX8,59P'O1?X8'RN8,P] B ]

*D'M/:]+y8)3'
r − z

/:]�w�'�9P9A/:]
r − φ

_
u=X8'o@A/MC7'�)©f©�¤wY/:]�N8'>]3,5Z:68'�N�134�*�,�1?,5Z7/21?'�1?)3/:< B ,568Z¤9547]+]3'�]�Nny8'x1?4�)3/:N8,5/21?,P476 N8/:*x/2Z7'x,P6 /

X8,PZ7X8'�)D95yn*�,P6847]3,�1\C�'>6�SL,P)34768*D'�6j1O/:]Dw�'�9P90/2]D134�/:<sX8,P'>S:'zB.'"1313'�)
b
fK1s/:Z7Z:,568Z�' �D<>,5'�6n<>C�B�C�,P*�f

d8)+4�SL,P68Z�13X8'U,P*�d(/2<>1Wd(/:)3/:*�'"1?'>)�)+'�]34:95yn13,5476t_lu=X8'U@A/TC:'�)©f©�x<>4768]3,P]+13]04:k�'>,5Z7Xj10B(/:)3)+'�9P]�*D47y86j1?'>N
476 X8'"§n/:Z74:6(/:9�<M/:)+B.476|�(Bh'�)U]+y8d8dh47)+1`]+13)3y8<"1?y8)+' J '�/:<sX�]3,PN8'D<�476j1s/2,568,P68Z¤/�]3,P68Z795'¨f\]+,5N8'>N ]+,595,P<�476
]3'>68]34:)�_�; <�)34:]3]pf¡]3'><>1?,P476(/:9tSL,P'>w 42k�13X8'%N8'>13'�<>1347)l,5]=]+X84Twl6¤,56�&�,PZ8_ � _�� _

��95'�<"1?)+4768,5<�)+'M/:Nn47yn1A,5]ed.'>)+km47)+*�'>NvBjCq<>y8]+1347*�f\*�/:N8'�{ G £gf\<sX(/26868'�9jaL ���[3[h)3'�/:N847yr1A<sX8,5d8] J '¨§�f
<�'>dn1�1?X8'W@A/MC7'�)©f©�%N8'>13'�<"1?47)�km47)�wlX8,P<sX�1\w�4�aL �� [¡  <sXn,5d8]�/:)3'ly8]+'�ND1?4%)3'�/:N�4:yn1 G � H f¡*�,P<�)34:]+1?)+,5d
]3'>68]34:)3]�_Yu=X8'`)+'M/:Nn47yn1W<sX8,5dn]0/:)+'%*�47yn6�13'�Ni476��%/:dr1?476��('¨§¤<>,5)+<�y8,�1?] J <M/:9P95'�N 0W,5Z7Xiª0'�6n]3,P1\Co[\6Lf
1?'>)3<>476868'><>1?4:)3] G 00ª0[\] H"J wlXn,5<sXO/295954Tw�1?X8'�<sX8,5d8]�1?4`B.'�954L<M/213'�N�kmy8)+13X8'�)�km)34:*	1?X8'�X8,5Z7XD)?/2N8,E/213,5476
/:)+'M/�]3y8)+)347yn68N8,56nZD13X8'%,56j1?'>)?/:<"1?,54:6Rd.47,P6j1M_
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u=X8'�47yr1?'�)�1?)?/2< B ,P68Z J V�&�u J ,56i1?X8'�<>'�6j1?)3/:9�)+'�Z7,P476z,5]�B(/:]+'�N�476�]3<>,56j1?,P9595/21?,P68Z��(B.'>)01?'><sX868479P47Z:C
/:9P4768Z�wl,�1?X SL,5]3,PB895'i95,PZ7Xj1Rd8X84:13476 <�4:y86j1?'�) G  q@ � V H )+'M/:Nn47yn1M_ u=X8' V�&�u <�4768]+,5]p1?]o4:kv'�,PZ7Xj1
<>CL9P,568N8'>)3]�4:kW1\w�4|]+<�,P6�13,59P9E/213,568Zo�(Bh'�)�9E/MC7'>)3]�*D47y86j1?'>N�476�<M/:)+B.476 �(Bh'�)�<>4768<>'�6j1?)+,5<o]3y8dnd.47)p1?] J
4L<�<�ynd�CL,P68ZD13X8'v)?/:N8,5/:9t]+d(/:<�'v4:k G ��� r

� � G <�* /:6nN�13X8'%954768Z:,P1?ynN8,56(/29e]3d8/:<�'v4:k�ynd�134 ±1.25

*�_���/2<sX <"Cr9P,568Nn'�)q<�4:6�1?/:,56n]`/26 /�§n,5/:9�N84:y8B895'"1%9E/MC7'>)%4:k��8B.'>)3]%47)3,P'�6j1?'>N�/2954768ZO13X8'�B.'�/:* 9P,568'
(z)

/:68N�/�]+13'�)3'>4�Nn47y8B89P'>1l9E/MC:'�)l/21W/:6�/:6nZ795'�42k
+3◦ (u)

4:) −3◦ (v)
_�ª047y8Bn95'>13]l<�4768]+,5]p1l4:kA1\wY4

9E/MC:'�)3]�42k
835 µ

*�N8,5/:*D'>1?'>)`�(Bh'�)+]�wl,P13X
870 µ

* ]3d8/:<�,P68Z J 4 = ]3'"1�B�C�X(/:9�k=1?X8'O�(Bh'�)U]3d(/:<>,568Z
km)34:*�'M/2<sXi4:13X8'�)>_�u=X8,5]=<>476n�(Z:y8)?/213,5476Rdn)34TSL,5N8'>]lS:'�)pCoZ74r4LNO'���<>,5'>68<>C G ∼ 99.9% H /:68Nod(/g131?'>)36
)3'><�47Z:68,P13,5476o/:6nNi)+'�]3yn9P1?]=,P6�/Ddh47]3,�1?,P476O)3'>]3479Pyn1?,P476R4:k�/:B.4:yn1

100 µ
*�,56

r − φ
_

� X84:1?4:68]�4:k(9P,5Z7Xj1¦d8)+4rN8yn<�'�NUB�Cv1?Xn'Yd(/:]+]?/:Z:'Y4:kc/W<sX(/:)+Z7'�N�d(/2)+1?,P<�9P'�13X8)34:y8Z7XU13X8'Y]+<�,56j13,59595/21?,P68Z
�(Bh'�)+]�/2)3'013)?/:68]+*�,�1313'�NOSL,E/�£ ∼ { G * 954768ZU<�95'�/:)Y�(Bh'�)�wY/MS7'>Z7y8,5Nn'�]l1?4�1?Xn'% �@ � VY]=km47)Y)3'M/2N847yn1 J
wlX8,P<sX /2)3'z9P4r<�/21?'>N ,56 /�95,�#�y8,5N 0�'�9P,5y8* <�)pC747]p1s/21oBh'�9P4Tw 13X8'z<�'>6j1?)?/29q<M/:9P47)3,P*�'"1?'�)>_  q@ � VY]
/:)+'�,P*�d8yn)3,P1\C�B(/:68NO<>4768N8yn<>1?,P476xNn'>SL,5<>'�]�N8'>)3,�S7'�N�km)347*¥]+4795,PN�]p1s/213'0d8X8421?47*�yn9P1?,Pd895,P'�)+]�47dh'�)?/g1?,56nZ
6847*D,568/:959�CR/21�} ��_.u=Xn'�d8X84:134rNn'>1?'><>1347)3]q/2)3'U<�/:d(/:Bn95'v4:k�N8'>13'�<"1?,56nZO]3,P68Z795'vd8X8421?4768]Wwl,P13XzX8,5Z:X
' �D<>,5'�6n<>C G ∼ 80% H /:68N X8,5Z:X�Zj/:,P6 G ∼ 40, 000 H /21`X8,PZ7X�)3/21?'>] G /21U9P'M/:]p1x{M���%0 � H wl,�1?X|954Tw
6847,P]3'q4L<�<>y8d(/:68<"C7_

u=X8'=V�&�u�X(/:]�/l134:1s/:9j42kc/:Bh47yn1 ~7~rJ �7�7�l)3'�/:N847yn1¦<sX(/26868'�9P]�_�u=Xn,5]¦<�'�6j13)?/:9�N8'"1?'�<"1?47)�,5]A<M/2d(/:B89P'
4:k 13)?/:< B )3'�<>4768]p1?)3yn<>1?,P476o/:68NR*D47*D'�6j1?yn* *D'M/2]3y8)+'�*D'�6j1=wl,P13X8,56 |η| < 2

wl,�1?XRZ74L4LNx)3'>]3479Pyn1?,P476
/:68N¤Z7)?/:6�y895/:)3,�1\C7_WQ�/:]+'�N�476i1?X8'`,56nkm47)+*x/g1?,54:6okm)+47* V�&�u 1?)3/:< B <M/:6nN8,5N(/g1?'�] J ]+,5Z76(/295]lkm)347*1?Xn'
/g§r,E/29tN847y8Bn95'>1l95/MC7'�)+]=km47)3*�/�k�/:]p1W@ '>S7'>9�{vX8/:)3NnwY/:)+'v13)3,5Z:Z7'�)>_
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u=X8'�]3y8dh'�)+<�476nN8y8<>13,568Z�]3479P'�684:,5N(/:92*x/2Z768'>1 J {:_�� G * ,P6`Nn,E/:*D'>13'�) /:6nN G _ ~:� * ,56%9P'�68Z:13X J ,568]p1s/:9P95'�N
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(
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(∗)
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1 +
∑

i

ri
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f(B0
s → D(∗)

s µν) = 0.86 ± 0.01.
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s → D
(∗)
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m(Dsφ2µ) > 4.30

� '¡  �2< 2 _
u=X8'U4:)3N8,P6(/:)+C

B
*�yn9P1?, f\Bh4rNrC�Nn'�<M/MCL]�<�/:6¤/295]34�/ �.'�<"1l1?X8'v]?/:*Dd89P'v<>47*Dd.47]+,P13,5476t_�aL,568<>'v13X8'

D → φX
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(∗)
s D

(∗)
s

13X(/:6okm47)
B±,0 → D

(∗)
s D

(∗)
s KX

u=X8'q1?X8,P)3NoB(/:< B Z7)+47y868N�]34:y8)3<>'`/2)3,5]+'�]�km)+47* 13X8'%]3'�*D,59P'�dn134768,P<
B0

s → D
(∗)
s φµν

Nn'�<M/MC:_�u=X8,P]
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Ds(φµ)

*D'�]+4768]>_�[\6i13X8,5]lS2/:)3,5/:B895' J B0
s → D
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s D
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'"S7'>6�13]01?'>68Ni134Tw�/:)+N8]09P4TwY'>)WS2/:9Py8'�] J wlXn,595'
B0

s → D
(∗)
s φµν

'"S7'�6j13]�1?'>68No1?4Tw�/2)3N8]WX8,5Z:X8'�)�S2/:9Py8'�]>_
u=X8'od8)34LN8y8<"1?,P476 4:k0/

φ
*�'>]3476 km)34:*�km)?/2Z7*�'>6j1s/213,5476 /2<�<�4:*�d(/268,5'>N B�C /

B0
s → D

(∗)
s µν

N8'><M/MCL]�<�47yn95NO/295]34%k�/ B '�1?Xn'�]+,5Z76(/29K_�aL,568<>'W13X8' φ N8'�<�/MC�,P]Y/2]3]3yn*�'>Nx1?4v47)3,PZ7,568/21?'�km)+47*¥68'M/2)�1?Xn'
d8)+,5*�/:)+CzS:'�)p1?'"§ J ]+y8<sX�'>S:'�6j1?]�/2)3'D'�6j1?,P)3'�9�C�)3'\�+'�<>13'�N BjC /i9P,Pkm'>13,5*D'�)3' #�y8,5)+'�*D'�6j1�4:k VPDL >

150 µm
_

u=X8'Y6n476rf
B
dh'M/ B ,56nZ�B(/2< B Z:)347y86nN�,5]AN847*D,568/21?'>NvBjC%13X8'�dn)347*Ddn1¦<sX(/:)+* N8'�<�/TCL] !
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D
(∗)
s D

(∗)
s X

_Wu=X8'
cc̄
'"S7'>6�13]q,56

Dsφµ
]3/:*Dd895'v<M/:6¤B.'`'�]+13,5*�/21?'>Nikm)+47*1?X8'

cc̄
<�4:6�13)3,PB8yn1?,P476¤,P6

� )+4r<>'�]+] &c'�/21?yn)3' �W'><�,5dh'
B0

s → D
(∗)
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(∗)
s
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s → D
(∗)
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(∗)
s X

*�y89P13,�f¡B.4LNnCDN847y8Bn95'%<sX(/:)+*�N8'�<�/MCr] 68'>Z795,PZ7,5Bn95'
B±,0 → D

(∗)
s D

(∗)
s X

954Tw
m(Dsφ2µ)

N8,P]+1?)+,5B8yr1?,54:6
m(Dsφ2µ) > 4.30 � '¡  �2< 2

B0
s → D

(∗)
s φµν

X8,PZ7X
m(φ2µ)

N8,5]p1?)+,5B8yn13,5476
m(φ2µ) < 1.85 � '¡  �2< 2

B0
s → D

(∗)
s µν � φfrag φ

*D'�]34:6�km)+47* km)3/:Z7*D'�6j1s/213,5476
VPDL > 150 µmdh'M/ B ,56nZDB8/:< B Z7)347yn68N 68476rf

b
d8)34L<�'>]3]

VPDL > 150 µm

u�/:B895' ~ _ G !¦ar/:*�dn95'�<>47*�dh4768'>6j1?] km47)e13X8' Dsφ2µ
]3/:*Dd895'2_���/:<sXv<�4:*�dh4768'>6�1¦X(/2]A/l<sX8/:)?/:<"1?'>)3,5]p1?,P<1?X8/21ld8)34TSL,5Nn'�]�/�)+'�<>,5dh'�km47)=]3y8dnd8)3'>]3]3,P476t_
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Ncc̄(Dsµ)
=

B(cc̄→ Dsφµ)

B(cc̄→ Dsµ)
· ε(cc̄→ Dsφµ)

ε(cc̄→ Dsµ)
, GK~ _ � H

wlX8'>)3' 1?X8'
Ncc̄
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=
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ε(Bs → Dsµ)
,

wlX8'>)3'U13X8'`Bn)?/:68<sXn,568ZO)3/21?,P4 B(c̄ → Ds)
<�/:68<>'�95]�47yn1�_�� '`/:]3]+,5Z76¤/¤{T�7�
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��'vN8'"�(68'`13X8)3'>'vS2/:)+,E/:Bn95'�] !

Mi

/:]W13X8'%1?4:1?/:9 6�y8*�Bh'�)l4:k�'"S7'>6�13]0km47)l<sX(/:6n68'�9
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Q�/:]+'�N 476�13X8,5]v1?)+,5Z7Z7'>)`]p1?y8NrC J 1?X8'�)3'><�4768]p1?)+y8<>13,5476 '���<>,5'>68<�,P'�]�/:)+'x'�]p1?,P*x/213'�N�km4:)`1?Xn' B0
s →

D
(∗)
s µν

/268N
Bs → D

(∗)
s D

(∗)
s

d8)34L<�'>]3]+'�]�_ u=Xn' ]3/:*�dn95'�]�/2)3' '"§r<�9Py8]3,�S7'>9PC�Z7'>68'�)3/21?'>N�y8]©f
,56nZ ��� u 0W[\; /:68N ��
-� � ��� J /268N )3'><�476n]+1?)+y8<>13'�N y8]+,568Z�13X8'¤]3/:*D'z/:9PZ747)3,�1?X8*D]�/:]Dkm47)�N8/21s/n_
u=X8'O]3/:*D'Od8)34L<�'>N8y8)+'R/:]�N8'>]3<>)3,5Bh'�N ,P6�ar'><>1?,P476 £n_�{ ,P]U)3'>d.'�/21?'>N�y868N8'>)�<�476n]3,5Nn'�)?/g1?,54:6�4:kl1?Xn'
w�'�,5Z:X�13'�N �gy86rf¡w�'�,PZ7Xj1?'>NO1?)3,PZ7Z7'>)�*D4rNn'�95]>_ � '��(68NO13X8'�)+'�<�4:68]+13)3y8<"1?,54:6O' �D<�,P'�68<"Cx)3/21?,P4U4:k 13X8'�]+'
1\w�4�<sX(/26868'�9P]W134�B.'

ε(Bs → D
(∗)
s D

(∗)
s )

ε(Bs → D
(∗)
s µν)

= 0.082 ± 0.015, G £r_P{ H
wlX8'>)3'U13X8'�<�'>6j1?)?/29¦S2/:9Py8'U,P]W13X8'�/MS7'>)?/:Z7'U4:k�)3'><�476n]+1?)+y8<>13,5476¤' �D<�,P'�68<"Cz)?/g1?,54:]�)+'>1?yn)368'>N�B�C�1?Xn'
1\w�4�1?)3,PZ7Z7'>)�*D4rNn'�95]�/:68NO13X8'�y86n<�'�)p1s/:,P6j1\Cx,P]�1?Xn'0N8, �e'>)3'�6n<�'�Bh'>1\w�'�'>6�13X8'�]+'q/:d8d8)+4j/:<sX8'>] J wlXn,5<sX
,5]�<�4:68]3,PN8'�)+'�NR/:]Y/`]pCr]p1?'>*x/213,5<�y868<�'>)+1?/:,56j1\CDN8,5]+<�y8]+]3'>N�,P6OVYX8/:dn1?'>) } _�u=Xn'0]3*�/:9P9cS2/:9Py8'l,5*Dd895,P'�]
1?Xn'v]+4:k 1?'>)l*�y8476o*D47*�'>6j1?y8* ]3dh'�<>13)3y8*,P6o<sX(/:)3*�N8'�<�/TCL]�/:]l<�47*Dd(/:)+'�NR1?4�Bh4:131347*�N8'><M/MCL]�_
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u=X8'W]347yn)3<�'>]�42ke]pCr]p1?'>*x/213,5<ly868<>'�)p1s/:,P6�13,5'>]�13X(/21�/ �.'�<"1�1?X8'W*�'�/:]3yn)3'�*D'�6j1�4:k B(B0
s → D

(∗)
s D

(∗)
s )

/:)+'v,P6jS7'�]p1?,PZj/21?'>N�/:68No1?X8'>,5)=)3'>]3dh'�<"1?,PS:'`<>476j1?)+,5B8yn13,5476n]l/:)3'q]+y8*�*�/:)+, ��'>No,56Ru�/:B895' }r_P{ _
��§r13'�)+6(/:9vB8)?/:6n<sX8,568Z�)?/g1?,54:]o1?/ B '>6 km)+47* 1?X8' � ª � F � I ,56 ��#c_ G �n_�� H X(/MS:'�Bh'�'�6 d.4L47)+9PC

*D'M/:]+y8)3'>N"!

• B(B0
s → D

(∗)
s µν) = 0.063 ± 0.011 J

• B(Ds → φπ)B(φ→ K+K−) = 0.0220 ± 0.0020 J
• B(Ds → φµν)/B(Ds → φπ) = 0.54 ± 0.04

_
u=X8'"C /:)+'i)+'�]+d.476n]3,5Bn95'okm47)D13X8'¤]+,568Z:95'o9E/:)+Z7'�]p1x<>47*Dd.476n'�6j1x42k�1?X8'�]+CL]p1?'�*�/213,5<¤yn68<�'>)+1s/2,56j1?,P'�] J
<�4:6�13)3,PB8yn1?,P68Z ∼ 45%

1?4�1?X8'R134:1s/:9Y]+CL]+13'�*�/21?,P<Ry868<�'>)+1?/:,56j1\C7_�[¡1D*D'M/:68] J Xn4�w�'>S:'�) J /�kmyn)+1?Xn'�)
,5*Dd8)+4�S:'�*D'�6j1l,56R13X8'%)3'�]+y89P1l<>47y89PN�Bh'%*x/2N8'�wlX8'�6�1?X8'>]3'vB8)?/268<sX8,56nZD)3/21?,P47]l/:)+'q,5*Dd8)34TS7'>Nt_

u=X8'ly868<>'�)+1?/:,56j1\CU,56�1?Xn'=)3'�<>4768]p1?)3yn<>1?,P476�' �D<�,P'�68<"C�)?/g1?,540<�47*D'�]�km)+47* 13X8'�1?)+,5Z7Z:'�)�w�'�,PZ7Xj1?,56nZ
d8)+4r<>'�N8y8)+'i'>*�dn954TC7'>N�1?4 /:<><�47y86j1�km47)�1?X8'R1?)+,5Z7Z:'�)�'��.'�<"1x,P6�13X8'��¤V ]+13y8NnC�/:]�N8'�]+<�)+,5Bh'�N ,P6
VYX(/:dr1?'�) £ _�[¡1�,P]�Nn'>1?'>)3*D,568'>N BjC 1?Xn' N8, �e'>)3'>68<�'|B.'"1\wY'>'�6 1\w�4 ]+'�d(/:)3/21?'|' �D<>,5'�6n<>C )?/213,547]
N8'>d.'>68N8,56nZO476¤Nn, �.'�)3'>6j101?)+,5Z7Z:'�)l*�4LN8'>95]�_=u=Xn'U]+CL]p1?'�*�/213,5<Uyn68<�'>)+1s/2,56j1\C�,56i13X8,5]W)?/g1?,54D<�4:6�1?/:,56n]
y868<>'�)p1s/:,P6�13,5'>]Dkm)+47* *D4rN8'>95,P68Zz1?X8'

B0
s

*�47*D'�6j13y8* ]3dh'�<"1?)+y8* J 1?X8'�N8'�<�/MC�km4:)3*�k�/:<"1?47)+]x/268N
]?/2*�d89P'q<�47*Ddh47]3,�1?,54:6 J /268NR1?X8'q1?)+,5Z7Z:'�)l/:68No)+'�<�4:68]+13)3y8<"1?,54:6i'���<>,5'>68<�,P'�]�_
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^�68<>'�)p1s/:,P6�13,5'>]�km)347* 1?X8'YB(/:< B Z7)34:y868ND'�]+13,5*�/21?,P476U,P6U1?Xn' Dsφ2µ

]?/:*Dd895'�BjC�,56j1?)+4rNny8<�,P68Z01?Xn'
*�/21?)+,�§U*�'"1?X84LN�,56Dar'><>1?,P476 ~ _ G ,P]�)3'�]+d.4:68]3,PB895'�km47) ∼ 12%

4:k.13X8'=1?4:1?/:98]pCr]p1?'>*x/213,5<=y86n<�'�)p1s/:,P6j1\C7_
u=X8'"C�,568<>95y8N8'O13X8'R]+1?/21?,P]+13,5<M/29�y868<>'�)+1?/:,56j13,5'�]�,P6 1?X8'o6�y8*�Bh'�)�4:k�'>S:'�6j1?]�)3'"1?y8)+68'�N�BjC 1?X8'O�813]
dh'�)+km4:)3*D'�Nx,P6�13X8'�1\w�4�B(/:< B Z7)+47y868NRNn47*�,P6(/:6j1�)3'>Z7,5476n]�_ � X8'>6R]3y8Br1?)?/2<>1?,P68Z`13X8' cc̄ d8)34LN8y8<"1?,P476
'>S:'�6j1?] J wY'�/:9P]34O<>4768]+,5N8'>)�,P13]0y868<>'�)p1s/:,P6�1\C¤/:]q/O]pCL]+1?'>*x/g1?,5<Uy868<�'>)+1?/:,56j1\C7_%u=X8,P]0684:6rf\68'>Z795,PZ7,5Bn95'
<�4:6�13)3,PB8yn1?,P476R,5]=<�/:y8]+'�N¤BjCR13X8'%954Tw ]p1s/213,5]p1?,5<>]=N8y8'q1?4�13X8'%]3*�/:959.]?/:*Dd895'q]+, �>':_

;068421?X8'>)D<>47*Dd.476n'�6j1D4:kl1?X8'o]+CL]p1?'�*�/213,5<oy868<>'�)+1?/:,56j1\C�/2)3,5]+'�]�km)34:*�1?Xn'o�n131?,P68Z�d8)+4r<>'�N8y8)+'
,5*Dd89P'�*D'�6j1?'>NO,56O13X8'

Dsφ2µ
]?/:*Dd895'2_�u=X8,P]=y868<�'>)+1?/:,56j1\CO,P]='�]p1?,5*�/213'�NRBjCx13X8'�km47959P4Twl,568Z`d8)34L<�'¨f

N8y8)+'7!v/ H w�'�]+*�'�/:)��81+1?,56nZRd(/:)?/2*�'"1?'�)+]%y8]3,P68Z � /:yn]3]3,5/:6�N8,5]p1?)+,5B8yn13,5476n]0wl,P13X�13X8'�*�'�/:6�S2/:95y8'
/:68N�]p1s/:6nN(/:)3N�N8'"SL,E/213,5476zNn'>1?'>)3*D,568'>Nzkm)347* 1?Xn'

Dsµ
]3/:*�dn95':¢eB H 1?Xn'��81q,5]0d.'>)+km47)+*�'>Nz1?4O1?Xn'

]?/2*�d89P'�wl,�1?XO)3/:68N847*D9PCD]+'�95'><>13'�NRS2/:95y8'>]=/:68NR)+'>13y8)368]�13X8'�6�y8*�Bh'�)Y4:kA<�47)+)3'>9E/213'�NR'>S:'�6j1?]>¢c< H w�'
<M/295<�yn9E/213'�1?Xn'�N8'>SL,5/21?,P476x4:kA13X8'0CL,5'>95Nxkm)+47* ��#c_ G H _ � H"J wlX8,5<sXo,P]Y)3'"1?y8)+68'�NoBjCD1?X8'��81�wl,P13XO�n§r'�N
S2/:95yn'�]�¢LN H w�'�)+'�dh'M/21�d8)+4r<>'�N8y8)+'�B H /:6nN�< H 4TS:'�)W{T� J �7�7��1?,P*�'>]�¢�N H 1?X8'Wy868<>'�)p1s/:,P6�1\C�,P]�47Bn1s/2,568'>N
BjCo/MS7'>)?/:Z7,P68Z�1?X8'	#�y(/:N8)3/21?,P<q]3y8*�4:k�13X8'%,568Nn,PSL,5N8y8/:9eN8'"SL,E/213,54768]>_

;06O'>]+13,5*�/21?,P476�42kt1?X8'Wkm)?/:<"1?,P476�42k ]3,PZ76(/:9c'>S:'�6j1?]=,P6�13X8'
Dsµ

]?/2*�d89P'�yn]3'�]YB8)?/:6n<sX8,568Z`)?/213,547]
km47)q]3/:*�dn95'�<>47*�dh4768'>6j1?]%,56�u�/:B89P' ~ _P{ _�u=X8'>C|/2)3'�1s/ B '�6|km)347* 1?X8' � ª � /268N�km47)3<>'�N�1?4RS2/:)+C

ar47y8)+<�' ^�68<>'�)+1?/:,56j1\C VY476j1?)3,PBt_ G % H
B(B0

s → D
(∗)
s µν)

�n_b�:� H { �jG _ �
B(Ds → φπ)B(φ→ KK)

�n_��7� �jG £n_ ~
B(Ds → φµν)/B(Ds → φπ)

�n_b�:� G:H �r_ ~
ε(D

(∗)
s D

(∗)
s )/ε(D

(∗)
s µν)

�n_b�:� H � �7H _��
N(D

(∗)
s D

(∗)
s ) G �i/21?)+,�§ H �r_b�7� �7H {T�n_�}

cc̄
B8/:< B Z7)347yn68N �n_b�:�n{ � {7_b��81313,568Z�d8)+4r<>'�N8yn)3' �r_b�7� G { � _�}

f(B0
s → D

(∗)
s µν)

�n_b�:�7�:� �n_ G
N(Dsµ)

�r_b�7�:�:� �n_�{
u¦4:1s/:9 �r_b�n{M�7£ {M�7�n_��

u�/:B895'v}n_�{ !�aryn*�*�/:)+Cx4:k�]pCL]+1?'>*x/g1?,5<%y86n<�'�)p1s/:,P6j1?,5'>]�_�u=X8'%B8)?/268<sX8,56nZ�)3/21?,P47]�km)347* � ª � S:/295y8'>]/:68N�)3'><�476n]+1?)+y8<>13,5476�' �D<>,5'�6n<>CR)3/21?,P4�N847*D,56(/213'01?Xn'%134:1s/29t]+CL]+13'�*�/21?,P<%y868<�'>)+1?/:,56j1\C7_



}n{
wl,P13X8,56|4768'�]+1?/:68N(/:)+N�N8'"Sr,5/21?,P476t_�&(47)%y86 B 684Twl6�d8)34L<�'>]3]+'�] J w�'O)+'>km'�)v1?4�1?X8' ��
-� � ��� N8'�<�/TC
1s/2B895'�/:6nNU/:]+]3,PZ76v/v{T�:�

%
y86n<�'�)p1s/:,P6j1\C7_�&�,56(/:9P9PC J wY'�1s/ B '�1?X8'�]+1?/21?,P]+13,5<M/29:y868<>'�)p1s/:,P6�1\C%42k N(Dsµ)

km47)l/�]+CL]p1?'�*�/213,5<%y868<>'�)+1?/:,56j1\CR,P6R1?X8,P]=*�'�/:]3y8)+'�*D'�6j1M_
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u=X8'i,568d8yr1x'>95'�*D'�6j13]�km47)�1?X8,P]�*D'M/2]3y8)+'�*D'�6j1O/2)3'¤]+y8*D*x/:)+, �>'�N�,56�u�/:Bn95' {T�n_�{ _ ^�]3,P68Z 13X8'�]+'
,56nd8yn1?]W/:6nN�)+'�<�/:959P,568Z�� #c_ G �8_b� H¨J 1?X8'%B8)3/:68<sX8,P68Z�)?/213,54�,P]=*�'�/:]3y8)+'�Ni/:]

B(B0
s → D(∗)

s D(∗)
s )

=
1

2

N(B0
s → D

(∗)
s D

(∗)
s )

N(Bs → D
(∗)
s µν)

B(B0
s → D

(∗)
s µν)

B(Ds → φπ)B(φ→ KK)

B(Ds → φπ)

B(Ds → φµν)
· ε(B0

s → D
(∗)
s µν)

ε(B0
s → D

(∗)
s D

(∗)
s )

= 0.035 ± 0.010(stat) ± 0.008(exp syst) ± 0.007(ext)

= 0.035 ± 0.010(stat) ± 0.011(syst).

G {T�r_P{ H
[\6¤13X8'`�()+]+1q9P,568'%4:k�)+'�]+y89P13] J yn68<�'>)+1s/2,56j1?,P'�]�/2)3'U]+'�d(/2)?/213'�Nz,P6�134x]p1s/213,5]+13,5<�/:9 G ]+1?/21 H¨J '¨§ndh'�)+,5*D'�6rf

[\68d8yr10��9P'�*D'�6j1?]  �/295y8'>]
N(B0

s → D
(∗)
s D

(∗)
s ) 26.6 ± 8.4

N(B0
s → D

(∗)
s µν) 24, 832± 259

B(B0
s → D

(∗)
s µν) 0.063 ± 0.011

B(Ds → φπ)B(φ→ K+K−) 0.0220 ± 0.0020
B(Ds → φµν)/B(Ds → φπ) 0.54 ± 0.04

ε(B0
s → D

(∗)
s µν)/ε(B0

s → D
(∗)
s D

(∗)
s ) 0.082 ± 0.015

u�/:B895'�{M�n_P{7!�@A,P]+1l4:k�,56nd8yn1l'�9P'�*D'�6j1?]=km47)�13X8' B(B0
s → D

(∗)
s D

(∗)
s )

*�'�/:]3y8)+'�*D'�6j1M_
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1s/29Y]+CL]p1?'�*�/213,5< G '¨§rd�]pCr]p1 H¨J /:6nN�'¨§L1?'�)+6(/:9=]pCr]p1?'>*x/213,5< G '"§L1 H y86n<�'�)p1s/:,P6j1?,5'>]�_ u=X8'R1?X8,P)3N�1?'>)3*
]+13'�*D*�,P68Zzkm)34:*�1?X8'o'¨§r13'�)+6(/:9lB8)?/268<sX8,56nZ )3/21?,P47]�,5]�'¨§ndn95,5<>,P139PC ]3X84Twl6 ]+,568<>'�,�1�,5]�13X8'i95/:)3Z:'�]+1
<�4:6�13)3,PB8yn1?,P476i134x1?Xn'U1?4:1?/:9¦]+CL]+13'�*�/21?,P<�y868<>'�)+1?/:,56j1\C G '¨§nd�]pCL]+1 ⊕ '"§L1 H _�u=X8'�'¨§ndh'�)+,5*D'�6j1s/29�]pCr]©f
1?'>*x/g1?,5<Yy868<�'>)+1?/:,56j1\C�/:<><�47yn6�13]�km47)�1?X8'=)+'�]p1�42k.13X8'�1?4:1?/:98]pCr]p1?'>*x/213,5<=y86n<�'�)p1s/:,P6j1\C J /:68N�<�4:6�1?/:,56n]
/ �7~ % <�47*Dd.4:68'�6j1vkm)347* 1?Xn'x)3'><�476n]+1?)+y8<>13,5476�' �D<�,P'�68<"C�)3/21?,P4 J /|{ G % km)34:* 1?X8'�B(/:< B Z7)34:y868N
'�]p1?,P*x/213,5476 J /:6nN�� % km)+47* 1?X8'Y�n131?,P68Z�d8)+4r<>'�N8yn)3'=/:6nN�/:959L4:1?Xn'�)�<>47*�dh4768'>6j1?]�'�/:<sX�<�476j1?)+,5B8yr1?,56nZ
95'>]3]Y13X(/:6z{

%
_�u=X8'�]+'%/:)3'0/:959hN8,5]+<�y8]+]3'>NR,56oVYX(/2dn1?'>) } _�[\6O13X8'095/:]+1Y95,56n'W42k 1?X8'�)+'�]+y89P13] J 13X8'�1\w�4

]+CL]p1?'�*�/213,5<%'�)+)347)+]l/:)3'%<�4:*�B8,56n'�N3#�y(/:N8)3/21?,P<M/:9P9PCx/:]=4768'2_
u=X8'�]3,PZ768,P�8<M/:68<>'�4:k�1?X8'�*D'M/:]+y8)3'>*�'>6j1%,5]q'>S2/:9Py(/213'�N�BjCz<M/295<�yn9E/213,568Zx13X8'

p
fKS2/:95y8' J N8'>�868'�N

/:]q1?Xn'Ddn)347B(/2B8,59P,P1\Co1?X(/g1q1?X8'�B(/:< B Z7)+47y868Nn]`<�/:6 �8y8<>13y(/21?'�'>6847y8Z7X�1?4i/:<><�47y86j1%km47)�13X8'�]3, �>'�4:k
1?Xn'v4:B8]3'>)+S7'>N¤]+,5Z76(/29K_�u=X8'%)+'�]3yn9P1W,5]=)+'�d8)+'�]3'>6j1?'�N¤B�Cx1?X8'q1?'>]+1W]+1?/21?,P]+13,5< J wlX8,5<sX�,5]l/�kmy868<"1?,P476R4:k
/ #�y(/26�13,P1\C J ]+y8<sX�/:] χ2 J wlX84:]3'US2/:9Py8'%)3' �8'�<>13]01?Xn'`9P'>S7'>9�42k�/:Z7)+'�'�*D'�6j1�B.'"1\wY'>'�6z13X8'UN(/g1s/x/268N
1?Xn'RX�CLdh4:1?Xn'�]3,P]�_ &(47)`13X8'R*�'�/:]3yn)3'�*D'�6j13]UwlX8'�)+'o95, B '�9P,5X84L4rN��813]�/:)3'xy8]3'>N J 13X8'x13'�]+1�]p1s/213,5]p1?,5<
<M/26�Bh'D13X8' #�y(/:6j13,P1\C

Q = −2 ln(L0/Lmax) J wlX8'>)3' L0

/:6nN Lmax

/2)3'�1?X8'D95, B '�9P,5X84L4LNzS:/295y8'>]
)3'"1?y8)+68'�NDBjCU13X8'��81�/:]+]3y8*D,568Zq6�y89P98XjCLd.4:13X8'�]+,5]�/:6nNDBjC�13X8'=6847*D,568/:9L�n1�/:]3]+y8*�,P68Z%/�]3,PZ76(/:9rd895yn]
B(/:< B Z7)+47y868N�XjCLdh4:1?X8'>]3,P] J )+'�]3dh'�<"1?,�S7'�9�C7_�;�]3]+y8*�,P68Z�13X8,5]�]+1?/21?,P]+1?,P<vkm4:95954Twl]W/ χ2 N8,P]+1?)+,5B8yr1?,54:6i,P6
1?Xn'v95/:)3Z:'�]?/:*Dd89P'q95,5*D,P1 J 1?X8' p fKS2/:95y8'�km47)�1?X8'%XjCLd.421?X8'>]3,5]W,5]�13X8'�6�Z7,�S7'�6�BjC

p =
1

2

∫ ∞

Q

f(z, 1) dz,

wlX8'>)3'
f(z; 1)

,5]�1?X8'
χ2 � ª�&�wl,P13XO4768'0N8'�Z7)+'�'�42k km)3'�'>N847*�_�u=X8'0k�/:<"1?47)�4:k 1

2

/:<�<>47y86j1?]�km4:)�1?Xn'
k�/:<"1q1?X(/2101?X8'�]3,PZ76(/:9�/:*Dd895,�1?y8N8' J wlX8,P<sX ,P]�dh47]3,�1?,PS:'�47) �>'�)34 J /:]3]+y8*�,P68ZR1?X8'�B8/:< B Z7)347yn68Nrf\4:689PC
XjCLd.4:13X8'�]+,5] J ,P]=476R1?X8'%Bh47y868N8/:)+CR42k�13X8'%d8XjCr]+,5<�/:959�CR/:9P954TwY'>No]3d(/:<>':_

[¡1%,5]q68421?'�N�13X(/21�13X8'�B(/:< B Z7)34:y868N�,56z13X8,5]q*D'M/:]+y8)3'>*�'>6j1%<�4768]+,5]p1?]%4:k�684:1%476n9PC�1?X8'�y86n<�47)©f
)3'>9E/213'�N G <>47*�B8,P6(/21?4:)3,E/29 H B(/2< B Z:)347y86nN B8yn1x/:9P]34�1?X8'i<�47)+)3'�95/21?'>N�dh'M/ B ,P68Z|B(/:< B Z7)34:y868Nt_ u=X8,P]
B(/:< B Z7)+47y868N ,5]�'�]p1?,5*�/213'�N�134 Bh'

4.4 ± 2.1
BjC�y8]3,P68Z 13X8'�]?/:*D'i*�/213)3,�§�*�'"1?X84LN�/:]�,P6 ar'><"f



� ����� ����� �-� � � �9��� � ��� �9� � �����$� ����� � � � � � ��� � ������� � }:�
1?,P476 ~ _ G _�u=X8,P]�<�47)+)3'>9E/213'�N�B(/:< B Z7)+47y868N�,5]�<>4768]3,PN8'�)+'�N�,56 <>4768]+13)3y8<"1?,P68Z�1?X8'o6�y8959YX�CLdh4:1?Xn'�]3,P]
/:68N�,P13]=y868<>'�)+1?/:,56j1\CR,P]l/:95]+4�1s/ B '�6�,56j1?4D/:<><�47y86j1W,56R13X8'%'>S2/:95y8/21?,P476R4:k¦1?X8'%]3,PZ768,��(<M/:6n<�':_

aLCL]+13'�*�/21?,P<Wyn68<�'>)+1s/2,56j1?,P'�]�/:)+'W,P68<�9Py8N8'>ND,P6�1?X8'l]3,PZ768,��(<M/:6n<�'l'>S2/:9Py(/21?,P476�,P6�/%]3,P*�,P9E/:)AwY/TCD/2]
1?Xn'Y�81�)+'�9E/g1?'�NU]+CL]+13'�*�/21?,P<�y868<>'�)+1?/:,56j1\CU,56�VYX(/2dn1?'>) } wY/:]�'�]p1?,5*�/213'�Nt_ 0�4TwY'"S7'>) J ,56U13X8' p f¡S2/:95yn'
<M/295<�yn9E/213,5476 J wY'�]+*�'�/:)l1?X8'`<�47)+)3'�95/21?'>N¤B(/2< B Z:)347y86nN�/:]�w�'�9P9¦/:]��81+1?,P68Z�d8/:)?/:*D'>13'�)+]�_ ��'`y8]3'U/
� /:*�*�/�N8,P]+1?)+,5B8yr1?,54:6�km4:)�13X8'WB(/:< B Z7)34:y868NON8yn'�1?4v,P13]�d.47]+,P13,PS7'=S2/:9Py8':_�u=Xn'W�81�,5]�)+'�dh'M/213'�NO4TS7'>)
{T� J �7�7�q1?,P*�'>]�wl,P1?X�)?/:6nN847*D9PC�]+'�95'><>13'�NxS2/:9Py8'�]�/:68ND1?X8' p f¡S2/:9Py8'l,5]�<M/:9P<�y895/21?'>NDkm4:)�'�/:<sXx�81�_���y8)
y89�1?,5*�/213'

p
f¡S2/:9Py8'�,5]vN8'>13'�)+*�,P68'�N B�C�1?/ B ,568Zo1?X8'x/MS7'�)3/:Z7'�4�S:'�)U/:959�,P68N8,PSL,PN8y(/:9 p fKS2/:95y8'>]�_Ru=X8,P]

/:d8dn)34j/:<sXxZ7,PS:'�]=/`S2/:9Py8'W4:k
1.24× 10−3 J wlX8,P<sXR<�47)+)3'�]+d.4:68N8]Y134�/U]3,PZ768,��(<M/:6n<�'W4:k � _ G ]+1?/:68N(/:)+N

N8'"Sr,5/21?,P4768]>_

���x� & � ��#/. !��R . � �# +A , # .�� �| ��g�*+A �� � �  	������� . !Y�

[\6nkm47)+*x/g1?,54:6¤476z13X8'�*�, §r,568Z2f¡,568Nny8<�'>N�V � /2]+CL*�*D'>13)+Ci,56¤13X8'
B0

s

]pCr]p1?'>* 684Tw <�/:6�B.'UN8)?/Mwl6
km)34:* 1?X8'�B8)?/:6n<sX8,568Z�km)?/:<"1?,54:6`*D'M/:]+y8)3'>*�'>6j1�1?Xn)347y8Z:X�� #h_ G �n_ G H _�aL,568<>'�1?Xn'=V � ]+1?)+y8<>13y8)3'�4:k(1?Xn'
N8'><M/MC�,5]0d8)3'>]3'�6j139PC�68421v/:<�<>'�]3]+,5B89P'�'�,�1?X8'>)�1?X8'>47)3'"1?,5<�/:959�C�47)�'"§rdh'�)+,5*D'�6j1s/:9P9PC J ]3'"S7'>)?/:9�]3<>'�6(/2)3,54:]
km47)�N8, �e'>)3'>6�1

xf

S:/295y8'>]�<M/:6�B.'R<>4768]+,5N8'>)3'�Ne_�; dh479E/2)3, ��/21?,P476�]p1?y8NrC km47)�'"§r<�9Py8]3,�S7'oN8'><M/MCL]�,P]
)3' #�y8,5)+'�Ni/21=1?X8,P]=]+1?/:Z7'q1?4�N8,P]3'�6j1?/:68Z79P'�1?X8'`V � <�4:*�dh4768'>6�13]l4:k�13X8'q�(6(/:9e]+1s/g1?'�]>_

0�4Tw�'>S7'>) J ,P6�13X8' 0 �¥XjCLdh4:1?X8'>]3,P] F G � I /:95476nZDwl,�1?Xi13X8'�a�  9P,5*D,P1 J 1?X8'`,568<>95y8]+,PS7'%�(6(/29�]p1s/213'
,5]WV � f¡'>S7'>6 J /:]=,56�� #c_ G �8_ � H !

2B(B0
s → D(∗)

s D(∗)
s ) ' ∆ΓCP

s

[

1 + cos φs

2ΓL

+
1 − cosφs

2ΓH

]

.

u=X8,P]�]3<�'>6(/:)+,54�,5]�,P959Py8]+13)?/213'�N�,P6�&�,5Z8_ {T�n_�{ J wlX8,P<sX�]+X84Twl]D13X8'R<�4:68]+13)?/:,P6�1�,P6�1?X8' ∆Γs

S:'�)3]+y8]
φs

d895/:68'0km)+47*¥1?X8,P]�*�'�/:]3yn)3'�*D'�6j1�_�VY476n�(N8'>68<�'¨f\9P'>S7'>9 G V0_�@�_ H <>476j1?47yn)3]�km)34:* 13X8'��c/MS74:)pf¡1?/:Z7Z7'>N
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 (radian)
s

φ
-1.5 -1 -0.5 0 0.5 1 1.5

)
-1

 (
ps

sΓ∆

-0.1

0.0

0.1

0.2

0.3

0.4
(*)
sD(*)

s D→ 0
s B

φψ J/→ 0
s B

 SM

dashed: 68% C.L.

dotted : 90% C.L.

)-1D0 Run II (2.8 fb

&�,PZ7y8)3'W{T�n_�{ !�VY4768]p1?)3/:,56j1?]�,56`13X8'
∆Γs−φs

d895/:68':_¦u=X8'�]+4795,PNU9P,568'�)3'>d8)3'>]3'�6j13]�4:y8)�*D'M/:]+y8)3'>*�'>6j1y868Nn'�)l1?X8'q1?Xn'�47)+'>1?,P<M/:9A/2]3]3yn*�dn13,5476n]=]+1s/g1?'�Ni,56R1?Xn'%13'"§L10/:68Nowl,P1?X
xf = 0

_�u¦w�4xd8/:,5)+]=4:k�9P,568'>]/:)+' H £ % G N8/:]3X8'>N H /:68N }7� % G N84:1+1?'�N H V0_�@�_A,56j1?'>)+S2/:95]q42k ∆Γs

km47)v/RZ7,PS:'�6�/2]3]3yn*�'>N|S2/:9Py8'�4:k
φs

_xVY476j1?47y8)+]vkm)+47* 13X8'
B0

s → J/ψφ
N8'><M/MC F � H I /:)3'�1?X8'�' #Lyn,PS2/:95'>6j1�V0_�@�_ )3'�Z:,54768]%4:k G ∆Γs J

φs H wlX8'>6�*�'�/:]3y8)+,568Zx]3,5*Uy89P1?/:68'�4:y8]39�CiBh4:13X�d(/:)?/2*�'"1?'�)+]�_vu=X8'�]3,PZ768,��(<M/:6n<�'�4:k ∆ΓCP
s > 0

km4:)47y8)Y*�'�/:]3y8)+'�*D'�6j1=,P] � _ G σ J wlX8,59P'W13X8'q]3,PZ768,P�8<M/:68<>'04:k ∆Γs > 0
km47)�13X8'

J/ψφ
/:6(/:9�CL]3,5]�,5] G _�� σ _-�4o1?Xn'�47)+'>1?,P<M/:9�y868<�'>)+1?/:,56j1?,P'�]v/:)+'�)3' �8'�<>13'�N�,P6�1?X8'�d89P4:1M_�u=X8'�a�� d8)3'>N8,5<"1?,P476�,5]%)3'>d8)3'>]3'>6�13'�NBjCO1?Xn'%13X8,5< B S7'�)p1?,P<M/:9 9P,568'2_

N8'><M/MC
B0

s → J/ψφ
/21Wª�� F � H I /:)3'v/:9P]34�]3y8dh'�)+,5*Dd.4:]3'�Ne_ ��'%y8]+'%13X8'qkm47959P4Twl,568Z�)+'�95/21?,P4768]�¢

Γs =
ΓL + ΓH

2
, ∆Γs = ΓL − ΓH , and ∆Γs = ∆ΓCP

s cos φs,

wlX8'>)3'%1?X8'%*D'M/:6o95,�km'>13,5*D'�4:k
B0

s

*�'>]3476 J τ̄ = 1/Γs J ,5]�1s/ B '�6okm)34:* 1?Xn' � ª ��F � I _
[\6�1?X8'Ra�� wlX8'>)3'O1?Xn'x*D,�§r,568Zgf\,56nN8y8<�'>N V � SL,54795/21?,P476�,5]U6n'�Z79P,5Z7,PB895' J ∆ΓCP

s

,P]U' #Lyn,PS2/:95'>6j1
wl,P13X

∆Γs
/:6nNow�'v)3'�<�/:959t��#c_ G �8_�� H

∆Γs

Γs
' 2B(B0

s → D
(∗)
s D

(∗)
s )

1 − B(B0
s → D

(∗)
s D

(∗)
s )

.
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��y8)=*D'M/:]+y8)3'>*�'>6�1WZ7,�S7'>]l13X8'%)3'>9E/213,PS7'�wl,PNn1?XoN8, �e'>)3'>68<�'v/:]

∆Γs

Γs
= 0.072 ± 0.021(stat) ± 0.022(syst).



} ~

���������
	�� � �

� ��� � � � � �����

�v�`�>� 
 , . !Y!����A ;,/.

� '�dh'�)pkm47)3*D'�Nx/v]p1?y8NnCD4:k
B0

s

N8'><M/MCL]�,56j134v13X8'�]+'�*D,�f¡,568<>95y8]+,PS7'=Nn47y8B89P'"f\<sX8/:)3*	�(68/:9c]+1s/g1?'Wy8]3,P68Z
/:6i,56j1?'>Z7)?/213'�N�95y8*D,56n47]3,�1\CO4:k G _b£�kmB −1 /g1W13X8'`ª���'¨§ndh'�)+,5*D'�6j1M_ ��'`]3'�'U/D]+,5Z768/:9 4:k 26.6 ± 8.4

'>S:'�6j1?]owl,P13X /�]3,5Z:68,P�(<�/:68<>'�4:k � _ G ]p1s/:68N8/:)3N N8'"Sr,5/21?,P4768]>_ u=X8,P]o/:959P4�wl]xy8]R1?4 *D'M/:]+y8)3'�1?Xn'
B8)3/:68<sX8,P68Z�)?/213,54�/:] B(B0

s → D
(∗)
s D

(∗)
s ) = 0.035 ± 0.010(stat) ± 0.011(syst)

_
Q�/:]+'�N�476U13X8,5]¦*D'M/:]+y8)3'>*�'>6�1�/:68N�yn68N8'�)¦S2/:)3,P47y8]A1?X8'>47)3'"1?,5<�/:9r/:]3]+y8*�dr1?,54:68] J *�, §n,P68ZW/:68N�V �

SL,54795/21?,P476�,56rkm47)3*�/21?,P476�,56�1?Xn'
B0

s

*�'>]3476�]+CL]+13'�* /:)3'W'"§L13)?/:<"1?'�Ne_�[\6�d(/:)p1?,5<>y89E/2) J ,56�1?Xn'0/:Bn]3'�6n<�'
4:k%- ��J 1?X8'�km)?/:<"1?,P476(/:9�wl,PNn1?X Nn, �.'�)3'>68<�'i,5]DN8'�)+,PS:'�N /:]

∆ΓCP
s /Γs = 0.072 ± 0.021(stat) ±

0.022(syst)
_

VYy8)3)+'�6j1l'"§rdh'�)+,5*D'�6j1s/:9h)3'>]3y89�1?]Ykm4:)�1?Xn,5]Y*D'M/2]3y8)+'�*D'�6j1l/:68NO13X8'�4:)3'>13,5<�/:9.dn)3'�Nn,5<>13,5476O/:)3'�d8)3'¨f
]3'>6j1?'�N|,56�u�/:B89P' {7{7_�{ _ �qyn)�68'>w *�'�/:]3yn)3'�*D'�6j13]q]3y8dh'�)+]3'�Nn'D13X8'�d8)3'"SL,547y8]q]p1?y8NrC�4:k�1?X8'�]3/:*D'
�(6(/29�]+1s/g1?'DB(/:]3'>N�476�/|{:_ � kmB −1 N(/21s/o]?/2*�d89P'�,56 G �7� ~�F ��� I _xu=X8'"C|/:)3'�/:9P]34o<�476n]3,5]p1?'>6�1vwl,P13X
1?Xn'�<�y8)+)3'�6j1%w�47)39PN /MS:'�)?/2Z7' F � � I /:]qw�'�959�/:]�1?X8'Da � d8)+'�N8,P<>13,5476 F G:� I _�u=X8,P]q,5]013X8'��()3]p1%]3,P68Z795'
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